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After intense years of great development, the electrochemical technologies have become 
very suitable alternatives in niche markets like industrial wastewater reclamation and soil 
remediation. A key role to achieve a high efficiency in such treatments is played by the 
characteristics of the coating of the electrodes employed. This paper compares three 
techniques, namely immersion, painting and electrophoresis, for the preparation of IrO2-
Ta2O5|Ti, so-called dimensionally stable anodes (DSA®). The quality of the coatings has 
been investigated by means of surface and electrochemical analysis. Their ability to 
generate hydroxyl radicals and degrade aqueous solutions of hydrocarbons like 
phenanthrene, naphthalene and fluoranthene has been thoroughly assessed. Among the 
synthesis techniques, electrophoretic deposition yielded the best results, with DSA® 
electrodes exhibiting a homogeneous surface coverage that led to a good distribution of 
active sites, thus producing hydroxyl radicals that were able to accelerate the degradation of 
hydrocarbons. 
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 The increase in generation, improper disposal and accidents such as leaks, spills and 
fires of hazardous waste causes a severe pollution problem worldwide, which results in the 
deterioration of water bodies, air and soil. These situations represent a potential risk to 
both, public health and the environment [1-5]. Contamination should be rather prevented 
but, even after its occurrence, there are several methods for counteracting it. According to 
the Environmental Protection Agency, the term "remediation technologies" refers to any 
technique or operation that alters the composition of one or more hazardous and polluting 
substances, mainly through chemical, physical or biological actions in order to reduce 
toxicity and pollution of the site. Among them, the electrochemical methods have received 
great attention in recent years [2]. 
 The efficacy of the electrochemical technologies depends on the physical and chemical 
properties of contaminants and those of the polluted compartment. These processes are 
most usually performed by applying a direct current between the anode and cathode, thus 
creating a small potential difference or electric field that promotes the transport of ions and 
positively charged compounds, as well as the generation of highly oxidizing species. As a 
result, in some electrochemical reactors, contaminants may be degraded by physisorbed 
hydroxyl radical M(•OH) produced as intermediate of water discharge to O2 at the anode 
surface M, as follows [6,7]: 
 M  +  H2O  →  M(•OH)  +  H+  +  e−      (1) 
 Nowadays, electrochemical remediation is considered a reality rather than a promise 
for solving environmental problems, especially for water reclamation. In particular, several 
articles and patents have been published regarding the degradation of hydrocarbons [8-14]. 
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 Although the electrochemical treatments may offer excellent efficiencies for the 
removal of pollutants such as hydrocarbons (for some arrangements, removal efficiencies 
are higher than 80%), they also entail a high investment costs due to the type of electrodes 
required as anodes, which typically are boron-doped diamond (BDD) thin films or coatings 
made of oxides of transition metals such as IrO2, RuO2, SnO2 and Ta2O5 [15]. The latter 
ones are known as dimensionally stable anodes (DSA®), and are routinely used for the 
electro-oxidation of organic pollutants contained in water, being the degradation processes 
rather slow because it is confined to the electrocatalytic surface layer where oxidants 
species are generated [19,20]. DSA® electrodes allow the transport of electric charge 
between the metal substrate, which is usually made of Ti, and the coating-electrolyte 
interface. These materials are very appealing for scale-up of electrochemical water 
treatment because of their high chemical and electrochemical stability, low cost and great 
ability to catalyze electrochemical reactions [21]. Some DSA® electrodes are particularly 
suitable for producing hydroxyl radicals at the interface level, which promotes the 
transformation of pollutants into less toxic compounds [22,23]. IrO2-based DSA® is 
especially interesting because of its high corrosion resistance, being quite similar to RuO2-
based DSA® in terms of electrocatalysis [22,23]. The most common IrO2 coatings 
incorporate Ta2O5 as stabilizing agent, since it is chemically and electrochemically stable, 
also preventing isolation between the substrate and the upper catalyst layer because of its 
ability to hinder the passivation of the former one [22]. 
 On the basis of the above considerations, studies on coating quality enhancement are 
mandatory in order to increase the performance of electrochemical remediation, having a 
major impact on catalytic properties and stability against corrosion [24]. 
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 This paper compares the preparation of titanium electrodes coated with IrO2 and Ta2O5 
by three different techniques, namely immersion (I), painting (P) and electrophoretic 
deposition (EP). Morphological and electrochemical analyses were then performed by 
scanning electron microscopy (SEM) coupled with energy dispersive X-ray spectroscopy 
(EDX) and cyclic voltammetry (CV), respectively, whereas the generation of hydroxyl 
radicals was monitored by UV/vis spectroscopy, high performance liquid chromatography 
(HPLC) with fluorescence detection and electron paramagnetic resonance (EPR). In 
addition, the performance of the DSA® electrodes regarding the destruction of polycyclic 
aromatic hydrocarbons (PAHs) like phenanthrene, naphthalene and fluoranthene in aqueous 
solution was assessed by means of HPLC and total organic carbon (TOC) analyses. 
2. Experimental 
2.1. Electrode preparation 
 The precursor solution contained H2IrCl6 (Strem Chemicals, 99.9%) [22,23,25-28], 
dissolved in hydrochloric acid [20,21], and TaCl5 (Strem Chemicals, 99.9%) [20-23], 
dissolved in isopropanol [22]. After vigorous stirring, both solutions were mixed and the 
metal (Ir:Ta) weight ratio in the precursor solution was 20:80. Titanium plates employed as 
substrate (5 mm × 15 mm), were first sandblasted [20,22,23,25] and then etched with a 
40% oxalic acid solution [20,25,26,28] for 20 min, thereby being rinsed with deionized 
water and finally dried. The application of the precursor solution on the substrate was 
comparatively carried out by three techniques (I, P and EP). The immersion procedure 
required introducing the titanium plate into the precursor solution for 20 min under constant 
stirring [27]. For painting, the modifier solution was applied onto the Ti plate by using a 
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brush [20,25]. The electrophoretic deposit was obtained at a constant current density of 14 
mA cm-2 for 20 min under constant stirring of 250 rpm [29]. For I and P procedures, the 
experimental conditions were taken from literature [20,25,27], whereas for EP, the 
experimental parameters except the current density that was optimized in this work were 
taken from literature [29]. In all cases, metal oxides were obtained upon thermal 
decomposition in two steps, the first one at 523 K for 10 min and the second one at 723 K 
for 1 h [20,22,27,29]. All the coatings were synthesized in triplicate. 
2.2. Microstructural analysis 
 The morphological characteristics of the synthesized electrodes were evaluated by 
SEM, while the distribution of iridium and tantalum throughout the coating was analyzed 
by EDX, using a Jeol JSM6500 microscope operating at 15 kV and equipped with an EDX 
Oxford Inca 300 analyzer. 
2.3. Electrochemical characterization 
 Cyclic voltammograms were obtained to characterize and compare the three types of 
DSA® electrodes. For each IrO2-Ta2O5|Ti anode as working electrode, the experiments 
were performed in a 10 mL glass cell with 0.5 M H2SO4 (J. T. Baker, 98%) as supporting 
electrolyte at 298 K, using a Pt wire (BASi) and an Ag|AgCl (3M NaCl, BASi) as counter 
and reference electrodes, respectively, and a BAS-Epsilon Trade Mark potentiostat from 
Bioanalytical Systems Inc. Prior to measurements, the solutions were deaerated by 
bubbling ultra-pure nitrogen (Praxair, grade 5.0) for at least 10 min, and this gas was also 
gently blown over the solution during the experiments. Aiming to obtain the real area of 
each modified electrode, the capacitive current of the double-layer generated was calculated 











� = 𝐶𝐶𝑑𝑑𝑑𝑑 (𝑣𝑣)         (2) 
 The data were obtained from cyclic voltammograms at different scan rates (ν = 0.020 
to 0.100 V s-1), using a potential window of ± 10 mV around the equilibrium potential. 
Hence, the icap was calculated as follows [30]: 
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where 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  is the anodic capacitive current (in A), and 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  is the cathodic capacitive 
current (in A). The slope of the linear relationship is the double-layer capacitance (𝐶𝐶𝑑𝑑𝑑𝑑). 
The standard capacitance (Cst) used to evaluate the area was 60 µF cm-2 to roughness 




          (4) 
where 𝐶𝐶𝑑𝑑𝑑𝑑 is the double-layer capacitance (in F) and 𝐴𝐴𝑟𝑟𝑟𝑟𝑐𝑐𝑑𝑑 is the real area (in cm2). From 
the relationship of this real area and the geometric area, 𝐴𝐴𝑔𝑔𝑟𝑟𝑔𝑔, it is possible to obtain the 
roughness factor (R) [30]: 
𝑅𝑅 =  𝐴𝐴𝑟𝑟𝑟𝑟𝑐𝑐𝑑𝑑
𝐴𝐴𝑔𝑔𝑟𝑟𝑔𝑔
          (5) 
 All the tests were carried out in triplicate for each electrode. 
2.4. Determination of hydroxyl radicals 
 Aiming to demonstrate the generation of hydroxyl radicals, •OH, changes in 
concentration of coumarin (Aldrich, 99%) were monitored by UV/vis spectroscopy (Perkin 
Elmer) in the range 200-800 nm and, at the same time, the accumulation of 7-
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hydroxycoumarin was revealed by HPLC using a Shimadzu LC-10ADVP chromatograph 
equipped with a Hypersil ODS 5 µm, 150 mm × 3 mm, column from Thermo Electron, and 
coupled to a Shimadzu RF-10AXL fluorescence detector. The flow rate was 0.5 mL min-1, 
with excitation and emission wavelengths of 325 nm and 400 nm, respectively. The goal of 
these measurements was to observe changes in the solution absorbance related to the 
degradation of coumarin by hydroxyl radicals, as well as in the fluorescence signal upon 
formation of the hydroxylated by-product 7-hydroxycoumarin, according to the following 
reaction [31,32]: 
 
           (6) 
 
 7-Hydroxycoumarin concentration was monitored at either constant current density of 
30 mA cm-2 or different constant anode potentials (between 0 and 2.2 V vs. Ag|AgCl) using 
a three-electrode electrochemical glass cell with the corresponding DSA®, a Pt wire and 
Ag|AgCl (3M NaCl) as working, counter and reference electrodes, respectively. The 
electrolyses were performed with 0.3 mM coumarin in 0.5 M H2SO4 as supporting 
electrolyte, at room temperature under constant stirring. Samples were withdrawn at 
different time periods along 180 min. On the other hand, •OH was evaluated by spin 
trapping, based on changes in the concentration of 5,5-dimethyl-1-pyrroline-N-oxide 




O O O OHO
 +     •OH        
Coumarin 7-Hydroxycoumarin 




 Such an adduct can be monitored by means of EPR [34,35]. For these experiments, the 
same three-electrode electrochemical cell described above was used to electrolyze 10 mM 
DMPO in 0.5 M H2SO4 at 2.2 V vs. Ag|AgCl and room temperature under constant stirring 
with a magnetic bar. Samples were withdrawn after 180 min and immediately frozen with 
dry ice for ensuring preservation, being finally analyzed by both, UV/vis 
spectrophotometry in the range 200-300 nm and EPR. For the latter analysis, samples were 
monitored on a Bruker ESP300E spectrometer controlled by Win-EPR SimFonia 2.3 
software under the following conditions: X Band 100 kHz, modulation frequency with 1.5 
G application, microwave power 10 mW, central magnetic field 3,350 G and sweep width 
100 G. Al the tests were carried out in triplicate for each DSA® type. 
2.5. Degradation of hydrocarbons in water 
 The degradation of aqueous solutions of hydrocarbons such as phenanthrene, 
naphthalene and fluoranthene was monitored by HPLC. A two-electrode electrochemical 
cell with 100-mL capacity was employed, using the DSA® synthesized by EP as the anode 
and a Pt plate as the cathode. The electrolyses were performed at 30 mA cm-2 and room 
temperature at natural pH (i.e., without pH adjustment), using 0.5 µM of phenanthrene 
(Acros Organics, 97%), naphthalene (Alfa Aesar, 99%) or fluoranthene (Sigma-Aldrich, 
98%) in 0.05 M Na2SO4 as supporting electrolyte under constant stirring with a magnetic 
bar. Samples were withdrawn after different time periods along the 180-min trials, and then 
analyzed using a Kontron HPLC model 465 quipped with a Waters Spherisorb ODS2 5 µm, 
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4.6 mm × 150 mm, at 308 K. All the tests were carried out in triplicate for each 
hydrocarbon. 
 Furthermore, in some case, the electrolyses were carried out for 420 min in order to 
monitor the hydrocarbon degradation by measuring the solution TOC on a Shimadzu 
VCSH TOC analyzer. Samples were withdrawn from treated solutions, filtered with 0.45 
µm PTFE filters purchased from Whatman and directly injected into the analyzer, obtaining 
reproducible values with ±1% accuracy. All the tests were carried out in triplicate. 
2.6. Stability of the IrO2-Ta2O5 coating 
 The chemical resistance or stability of the IrO2-Ta2O5 coatings prepared by 
electrophoretic deposition was demonstrated from the evaluation of the Ir and Ta contents 
in solution after exhaustive electrolyses in 0.5 M H2SO4 at 30 mA cm-2 for 24 h. The 
analysis was carried out by inductively coupled plasma optical emission spectrometry (ICP-
OES) using an OPTIMA 3200RL apparatus. 
3. Results and discussion 
3.1. Microstructural analysis 
 Once prepared, each type of electrode was analyzed by SEM-EDX in order to compare 
their morphological characteristics as well as the distribution of iridium and tantalum 
throughout the coating. Fig. 1A and 1B show the microstructure of DSA® after 
modification by EP, P and I electrodes, at a lower and higher magnification, respectively. 
The electrodes present the typical cobblestone morphology, as reported for IrO2-based 
coatings upon different preparation procedures [21,25,28,29]. However, it is worth noting 
that the surface morphologies depend to some extent on the synthesis method. For example, 
11 
 
DSA® obtained by electrophoretic deposition shows a larger number of cracks and, 
furthermore, they are wider and deeper (see images at 5000x) than those appearing upon 
immersion or painting. It is clear that immersion was the less aggressive method, leading to 
a smoother surface with only some small cracks. 
 On other hand, the relative content of Ti, Ir and Ta on the coatings can be seen in Fig. 
2A-C. The DSA® electrode prepared by electrophoretic deposition exhibits the highest 
content of Ir and Ta, in concomitance with the lowest content of Ti (Fig. 2A). This means 
that the surface coverage is much more homogeneous and uniform, with a metal loading of 
19.15 mg cm-2, than in the case of DSA® prepared by painting and immersion, which 
progressively exhibited lower amounts of Ir and Ta and greater signals corresponding to Ti 
(Fig. 2B and 2C, respectively), regardless of their greater metal loadings of 33.33 and 20.93 
mg cm-2, respectively. The poor quality of the electrode synthesized by immersion, as 
deduced from the large abundance of Ti, suggests a low catalytic behavior of the coating 
for water decontamination and thus, this kind of electrode was discarded for subsequent 
tests. In contrast, the much better distribution of metals in DSA® modified by EP and P 
procedures is confirmed by the mapping with EDX analysis shown in Fig. 3A and B, 
respectively. Ir and Ta were homogeneously distributed, with the IrO2-Ta2O5 layer 
accounting for a surface coverage close to 250 -450 nm. 
3.2. Electrochemical characterization 
 The cyclic voltammograms of three different electrodes, namely uncoated titanium 
substrate, DSA® prepared by electrophoretic deposition and DSA® prepared by painting, 
are depicted in Fig. 4. The behavior of DSA® modified by painting is quite similar to that of 
uncoated Ti, with current being zero until a steep increase appeared at an anode potential of 
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0-0.16 V vs. Ag|AgCl due to O2 evolution from H2O oxidation. This suggests that the 
DSA® coverage was not as good as expected from Fig. 3B, since the electrocatalytic 
properties of the IrO2-Ta2O5 layer were almost imperceptible. In contrast, the DSA® 
electrode synthesized by electrophoresis showed a greater overpotential for O2 evolution, 
being close to 0.7 V vs. Ag|AgCl. Therefore, it is expected that this kind of anode leads to a 
larger production of hydroxyl radicals from reaction (1), as will be investigated below. 
 In addition, the real area of each modified electrode was determined via the 
capacitance method described in Section 2. The values were 31.67, 16.67 and 11.67 cm2 for 
DSA® electrodes prepared by EP, P and I, respectively, which results in a roughness factor 
of 42.22, 22.22 and 15.56, respectively. It is then evident that the electrophoretic deposition 
method leads to much larger electroactive areas, being twofold and threefold the value 
obtained by P and I. Such a large area will be crucial for promoting the adsorption of 
organic pollutants, thus yielding a faster decontamination due to their enhanced reaction 
with adsorbed hydroxyl radicals. 
3.3. Determination of hydroxyl radicals 
 First, the degradation of coumarin upon electro-oxidation at 30 mA cm-2 with DSA® 
and Pt as the anode and cathode, respectively, was monitored by UV/vis spectroscopy 
aiming to compare the ability of DSA® prepared by EP and P to generate hydroxyl radicals. 
The values of the absorbance of coumarin at 277 nm during 120-min electrolyses are 
summarized in Table 1, whereas the spectra at time zero and at the end of each experiment 
are depicted in Fig. 5. The evolution of coumarin was quite similar using both DSA® 
electrodes, despite the smaller area of the DSA® prepared by painting, a mentioned above. 
This may be justified by the easy oxidation undergone by coumarin by some radical species 
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like hydroxyl radical. In order to verify these results, the concentration of 7-
hydroxycoumarin resulting from the degradation of coumarin (see reaction (6)) was 
analyzed by HPLC with fluorescence detection. The values of 7-hydroxycoumarin 
concentration accumulated for 120 min are summarized in Table 2, whereas the 
concentration profiles with time are depicted in Fig. 6. As can be observed, the results 
confirm the production of hydroxyl radicals from reaction (1) using a DSA® modified by 
either EP or P, with a continuous increase in the concentration of the hydroxylated 
derivative. Although the amount of the latter compound was quite similar with both DSA® 
electrodes at the beginning of the electrolysis, at longer times the anode prepared by 
electrophoresis led to a larger concentration (0.43 µM vs. 0.40 µM), which suggests a better 
performance in terms of hydroxyl radical generation since the simultaneous anodic 
oxidation of 7-hydroxycoumarin is expected to be similar in both cases due to its much 
lower concentration compared to the parent compound. 
 In addition, the high stability of the IrO2-Ta2O5 coating obtained by EP was 
demonstrated from the extremely low amounts of Ir and Ta in solution (< 0.10 mg L-1) after 
exhaustive electrolyses performed under acidic conditions (0.5 M H2SO4) at 30 mA cm-2 
for 24 h. 
 After carrying out the trials at constant current, the generation of 7-hydroxycoumarin 
was also monitored at different constant anode potentials in the range 0-2.2 V vs. Ag|AgCl 
by testing values before and after the expected oxygen evolution. The DSA® electrode 
prepared by electrophoretic deposition, which yielded the highest concentration of 7-
hydroxycoumarin working at constant current, was used with the aim of finding the most 
convenient anode potential for performing subsequent test with DMPO. As shown in Fig. 7, 
the concentration of 7-hydroxycoumarin gradually increases as the applied potential is 
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raised, reaching the maximum accumulation of the derivative at around 2.0-2.2 V vs. 
Ag|AgCl, whereupon a concentration plateau can be observed. This can be explained by the 
fact that the additional hydroxyl radicals generated from these potential values are self-
destroyed to yield O2. 
 Since the production of hydroxyl radicals is optimal within that potential range, the 
electro-oxidation of 10 mM DMPO was performed at 2.2 V for 180 min, and the 
corresponding UV/vis spectra obtained at the end of the electrolyses using a DSA® 
prepared by either EP or P are depicted in Fig. 8. The initial absorption spectrum of DMPO, 
which presents a clear peak at about 230 nm, is also shown. At 180 min, the absorption 
peak completely disappeared when the DSA® synthesized by electrophoresis was used, 
which confirms the action of very reactive oxygen species in the degradation. Note that the 
DSA® obtained by painting was able to remove the DMPO signal as well, thus suggesting 
that hydroxyl radicals can be formed even if the coating is not as homogenous as expected. 
 In order to corroborate that the disappearance of the DMPO peak could be mainly 
explained by the formation of hydroxyl radicals from reaction (1), EPR analyses were 
conducted during analogous electro-oxidation trials at 2.2 V with the DSA® electrode 
prepared by electrophoretic deposition. As can be seen in Fig. 9, a clear EPR signal 
corresponding to the DMPO-•OH adduct was obtained with this IrO2-Ta2O5|Ti electrode, as 
revealed by the four peaks at expected G values, similarly to that reported in the literature 
[33, 34]. Probably, these measurements are the most straightforward evidence of the ability 
of the manufactured DSA® electrodes to promote the formation of hydroxyl radicals. 
3.4. Degradation of hydrocarbons in water 
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 The performance of the best DSA® electrode among those prepared, i.e., the one 
synthesized by electrophoretic deposition, regarding the degradation of organic pollutants 
was tested by carrying out independent electro-oxidation treatments of 100 mL of solutions 
containing 0.5 µM of a PAH in 0.05 M Na2SO4 as supporting electrolyte at 2.2 V vs. 
Ag|AgCl. Phenanthrene, naphthalene and fluoranthene, which have a high environmental 
relevance due to their presence and water and soil, were tested as model PAHs. For each 
hydrocarbon, the HPLC analyses to evaluate their concentration profiles were carried out 
until reaching the limit of quantification (LOD equal to 0.05, 0.1 and 0.15 µM for 
phenanthrene, naphthalene and fluoranthene, respectively). As can be observed in Fig. 10, 
the selected DSA® allowed achieving the LOD after 180, 60 and 150 min, respectively. 
This means that the degradation percentages were always > 60%, reaching 67%, 79% and 
85% for fluoranthene, naphthalene and phenanthrene at the indicated times. Electro-
oxidation with this DSA® was then a suitable method to remove PAHs from water within 
short times. 
 Finally, it was necessary to assess the ability of this method and electrode to cause the 
mineralization of the PAHs, not only their partial transformation into persistent 
intermediates. This was verified by means of TOC analyses for the three hydrocarbons and, 
as an example, Fig. 11 shows the time course of TOC during the treatment of 25 mg L-1 
TOC of phenanthrene. A faster TOC abatement was achieved during the first minutes of 
electrolysis up to 120 min, but it became slower over time due to the formation of more 
refractory intermediates, probably aliphatic carboxylic acids like oxalic or acetic [7]. 
However, after 420 min, a 67% mineralization was reached, only remaining 8.5 mg L-1 
TOC in solution. Similarly, Pulgarin et al. achieved the complete removal of 1,4-




 Surface analyses and electrochemical characterization have demonstrated that the 
preparation of DSA® electrodes by immersion is not convenient because inhomogeneous 
coatings with small active area are obtained. Conversely, painting and electrophoretic 
deposition allowed the formation of high quality coatings that behaved similarly regarding 
the degradation of coumarin, with formation of 7-hydroxycoumarin, although the active 
area of DSA® prepared by EP was significantly higher. Synthesis by EP suggested the 
formation of a slightly greater amount of hydroxyl radicals, whose presence was 
corroborated by EPR analyses. The performance of such a DSA® electrode for electro-
oxidation of aquesous solutions of PAHs is very promising, since it allowed reaching > 
60% degradation within short times and > 67% mineralization after several hours. In 
conclusion, DSA® electrodes synthesized by electrophoretic deposition have been proven a 
good material to generate very reactive oxygen species that are able to degrade 
hydrocarbons in water and, potentially, could find a future niche market in soil remediation 
because of the frequent problems related to hydrocarbon spills.  
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Table and Figure captions 
Table 1. Comparative time course of absorbance values at 277 nm obtained during the 
treatment of coumarin using either the DSA® modified by electrophoretic deposition or the 
one prepared by painting. In both kinds of electrolysis, trials were made in triplicate. 
Table 2. 7-Hydroxycoumarin concentration measured by HPLC coupled to a fluorescence 
detector at different reaction times upon electro-oxidation of coumarin using either the 
DSA® modified by electrophoretic deposition or the one prepared by painting. Trials were 
always made in triplicate. 
Fig. 1. Scanning electron micrographies of the surfaces of the three DSA® electrodes at (A) 
2000x and (B) 5000x, where: EP = electrophoretic; P = Painting; I = Immersion.  
Fig. 2. EDX microanalysis of DSA® electrodes prepared by (A) electrophoretic deposition, 
(B) painting and (C) immersion. 
Fig. 3. Mapping obtained from EDX analysis at 100x with 15 keV for DSA® electrodes 
prepared by (A) electrophoretic deposition and (B) painting. 
Fig. 4. Cyclic voltammograms of 0.75 cm2 DSA® electrodes synthesized by electrophoretic 
deposition and painting compared to that of a raw titanium substrate. 
Fig. 5. UV/vis spectra of coumarin after 120 min of electrolysis of solutions with 0.3 mM 
in 0.5 M H2SO4 as supporting electrolyte, at 30 mA cm-2 and room temperature under 
constant stirring. The best DSA® electrodes (0.75 cm2) prepared by electrophoretic 




Fig. 6. Time course of 7-hydroxycoumarin concentration accumulated during the 
experiments described in Fig. 5. 
Fig. 7. Time course of 7-hydroxycoumarin concentration accumulated during the electro-
oxidation of 0.3 mM coumarin in 0.5 M H2SO4 at constant anode potential in the range 0-
2.2 V vs. Ag|AgCl using a 0.75 cm2 DSA® electrode prepared by electrophoretic 
deposition. 
Fig. 8. UV/vis spectra of DMPO after 180 min of electrolysis of solutions with 10 mM in 
0.5 M H2SO4 as supporting electrolyte, at 2.2 V vs. Ag|AgCl using a 0.75 cm2 DSA® 
electrode prepared by either electrophoretic deposition or painting. The spectrum of DMPO 
at time zero is also shown. 
Fig. 9. EPR spectrum showing the signal of the DMPO-•OH adduct generated during the 
electrolysis of DMPO performed as described in Fig. 8 using the DSA® electrode prepared 
by electrophoretic deposition. 
Fig. 10. Time course of phenantrene, naphthalene and fluoranthene concentration during 
independent electro-oxidation treatments of 100 mL of solutions containing 0.5 µM of the 
hydrocarbon in 0.05 M Na2SO4 as supporting electrolyte at 2.2 V vs. Ag|AgCl using a 0.75 
cm2 DSA® electrode prepared by electrophoretic deposition, at room temperature under 
constant stirring. 
Fig. 11. TOC values vs. time for the electro-oxidation of 0.5 µM phenanthrene under the 
conditions described in Fig. 10. 
